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(57) ABSTRACT

A chemically amplified positive resist composition compris-
ing (A) 100 pbw of a base resin which 1s normally alkali
insoluble or substantially mnsoluble, (B) 0.03-20 pbw of a
photoacid generator, (C) 0.1-350 pbw of a thermal crosslinker,
and (D) 50-5,000 pbw of an organic solvent 1s coated to form
a thick film having a high sensitivity and resolution.
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CHEMICALLY AMPLIFIED POSITIVE
RESIST COMPOSITION AND PATTERN
FORMING PROCESS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This non-provisional application claims priority
under 35 U.S.C. §119(a) on Patent Application No. 2011-

251496 filed 1n Japan on Nov. 17, 2011, the entire contents of
which are hereby incorporated by reference.

TECHNICAL FIELD

[0002] This mvention relates to a chemically amplified
positive resist composition and a pattern forming process
capable of forming a thick-film resist pattern with a high
sensitivity and resolution.

BACKGROUND ART

[0003] While the recent trend 1s toward higher integration
and size enlargement of microelectronic devices, there 1s a
demand for resin-encapsulated packages of thin profile and
reduced size. It 1s accordingly required that the surface pro-
tective layer and interlayer dielectric film 1n semiconductor
devices and the re-distribution layer of semiconductor pack-
ages be formed of materials having better electric properties,
heat resistance and mechanical properties. Polyimide resins
are one class of materials that meet the required properties.
For example, polyimide resins can be modified to be photo-
sensitive. Attempts are made to use such photosensitive poly-
imide resins, because the pattern forming process can be
simplified and the complex manufacture process can be short-
ened. See Patent Documents 1 and 2.

[0004] A film of polyimide resin 1s generally prepared by
reacting tetracarboxylic dianhydride with diamine to form a
polyimide precursor (or polyamic acid), applying a solution
or varnish of the polyimide precursor to form a thin coating
such as by spin coating, and causing thermal cyclo-dehydra-
tion or ring-closing reaction. See Non-Patent Document 1.
Through this cyclo-dehydration step, the polyimide resin 1s
cured. In the case of polyimide resins resulting from polyim-
ide precursors, however, a problem arises that volume shrink-
age attributable to dehydration or imidization can occur upon
curing, leading to a loss of film thickness and a lowering of
dimensional accuracy. Nowadays, 1t 1s desired to form a film
to at low temperature. What 1s needed in this sense 1s a
polyimide resin which can be subjected to cyclo-dehydration
at low temperature to form a film having physical properties
comparable to those of the film obtained from cyclo-dehy-
dration at high temperature. Nevertheless, when the polyim-
ide precursor 1s cured at low temperature, the cured film
becomes brittle or degraded 1n physical properties because of
incomplete imidization.

[0005] On the other hand, studies are made on photosensi-
tive resins based on other heat resistant polymers which do
not need cyclo-dehydration unlike the polyimide precursors.
See Patent Documents 3 to 6. Particularly in such applications
as the re-distribution layer 1n semiconductor packages, a posi-
tive photosensitive resin composition which 1s developable in
alkaline aqueous solution and yet can form a pattern having
high heat resistance 1s needed from the aspect of environmen-
tal load reduction.

[0006] Although the positive photosensitive resin compo-
sition which 1s developable 1n alkaline aqueous solution has
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some acceptable properties including heat resistance, further
improvements in sensitivity and resolution are needed.
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SUMMARY OF INVENTION

[0013] Anobjectofthe invention is to provide a chemically
amplified positive resist composition which exhibits a high
sensitivity and resolution, and 1s adapted to form a thick film
via alkaline aqueous solution development and subsequently
a cured film having high heat resistance via post-development
heat treatment. Another object 1s to provide a pattern forming
process and a cured resist pattern film obtained therefrom.

[0014] The inventors have found that the above and other
objects are attained by forming a pattern from a chemically
amplified positive resist composition comprising a polymer
comprising recurring units having the general formula (1) as
a base resin, and an epoxy or oxetane resin of bisphenol A,
cresol novolak or polylunctional type as a thermal
crosslinker.

[0015] In one aspect, the invention provides a chemically
amplified positive resist composition comprising (A) 100
parts by weight of a base resin, (B) 0.05 to 20 parts by weight
ol a photoacid generator, (C) 0.1 to 50 parts by weight of a
thermal crosslinker, and (D) 50 to 5,000 parts by weight of an
organic solvent. The base resin 1s a polymer comprising
recurring units having the general formula (1):

(1)

Rl ]5‘{1 Rl
_&CHz_(‘Hp_ —-CH,—CH—  —tCH,—C-r
Z = 7N
‘ (Rz)ﬂ/ ‘ ‘
\/\/ \/\f \/\f
(OH),, NG o SO o

wherein R' is each independently hydrogen, hydroxyl,
straight or branched alkyl, or trifluoromethyl, R* is hydrogen,
hydroxyl, or trifluoromethyl, R* is C,-C,, tertiary alkyl, R is
an acid labile group exclusive of tertiary alkyl, n 1s O or an
integer of 1 to 4, m 1s O or an integer of 1 to 3, p, g and r each
are 0 or a positive number, meeting O<p+q+r=1, the polymer
having a weight average molecular weight of 1,000 to 500,

000.

[0016] In a preferred embodiment, the thermal crosslinker
(C) 1s an epoxy or oxetane resin of bisphenol A type, cresol
novolak type, or polyfunctional type having a monovalent
hydrocarbon group on phenyl.

[0017] The resist composition may further comprise (E)
0.01 to 2 parts by weight of a basic compound.
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[0018] In another aspect, the invention provides a pattern
forming process comprising applying the chemically ampli-
fied positive resist composition defined above onto a substrate
to form a resist film, exposing a selected region of the resist
f1lm, developing, and optionally heating the resist pattern film
resulting from the development step at 100 to 250° C. to form
a cured resist pattern film.

[0019] Also contemplated herein 1s a cured resist pattern
film obtained by the pattern forming process.

ADVANTAGEOUS EFFECTS OF INVENTION

[0020] The chemically amplified positive resist composi-
tion has advantages including satisfactory sensitivity, resolu-

tion, development and pattern profile. A satisfactory cured
resist pattern film can be formed via development and subse-
quent heat treatment.

DESCRIPTION OF PREFERRED
EMBODIMENTS

[0021] The terms “a” and “an” herein do not denote a limi-
tation of quantity, but rather denote the presence of at least
one of the referenced item. “Optional” or “optionally” means
that the subsequently described event or circumstances may
or may not occur, and that description includes instances
where the event or circumstance occurs and 1nstances where
it does not. As used herein, the notation (C _-C_) means a
group containing from n to m carbon atoms per group.

[0022] The abbreviations and acronyms have the following
meaning.

[0023] Mw: weight average molecular weight

[0024] Mn: number average molecular weight

[0025] Mw/Mn: molecular weight distribution or dispersity
[0026] GPC: gel permeation chromatography

[0027] PEB: post-exposure bake
[0028] PAG: photoacid generator

[0029] Oneembodiment of the invention provides a chemi-
cally amplified positive resist composition comprising (A) a
base resin, (B) a PAG, (C) a thermal crosslinker, and (D) an
organic solvent. The base resin (A) used herein 1s a polymer
comprising recurring units represented by the general for-

mula (1) and having a weight average molecular weight (Mw)
of 1,000 to 500,000.

(1)

R ¥ |
e CH— (g ECH—Co —CHy— C—
P
| @1 ‘ |
\/./ \/\” \/\/
(OH),, NG AN

R R*

Herein R' is each independently hydrogen, hydroxyl, straight
or branched alkyl, or trifluoromethyl, R* is hydrogen,
hydroxyl, or trifluoromethyl, R* is C,-C,,, tertiary alkyl, R*is
an acid labile group exclusive of tertiary alkyl, n 1s O or an
integer ol 1 to 4, m1s O or an integer of 1 to 5, p, g and r each
are O or a positive number, meeting O<p+g+r=1.

[0030] Examples of the straight or branched alkyl group of
R' include methyl, ethyl, propyl, isopropyl, n-butyl, iso-bu-
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tyl, and tert-butyl. The tertiary alkyl group of R® may be
branched or cyclic and typically has 4 to 20 carbon atoms,
preferably 4 to 12 carbon atoms. Examples include tert-butyl,
tert-amyl, 1,1-diethylpropyl, 2-cyclopentylpropan-2-vyl,
2-cyclohexylpropan-2-yl, 2-(bicyclo[2.2.1]heptan-2-yl)pro-
pan-2-yl, 2-(adamantan-1-yl)propan-2-vyl, 1-ethylcyclopen-
tyl, 1-butylcyclopentyl, 1-ethylcyclohexyl, 1-butylcyclo-
hexyl, 1-ethyl-2-cyclopentenyl, 1-ethyl-2-cyclohexenyl,
2-methyl-2-adamantyl, and 2-ethyl-2-adamantyl.

[0031] R™is an acid labile group with the proviso that ter-
tiary alkyl is excluded. Preferred groups OR™ include groups
having the general formulae (2) and (3), trialkylsiloxy groups
in which each alkyl moiety has 1 to 6 carbon atoms, C,-C,,
oxoalkoxy groups, tetrahydropyranyloxy and tetrahydrotura-

nyloxy groups.

(2)

: (3)
R O
| ’
—O—&(l?ﬁa—C\OfR
RQ'

Herein R>, R®, R’, R® and R” are each independently hydro-
gen or a straight or branched C,-C, alkyl group. R' is a
monovalent C,-C, , hydrocarbon group which may be sepa-
rated by an oxygen atom. A pair of R” and R®, R> and R’, or
R°® and R” may bond together to form a ring, each participant
of R>, R® and R’ is a straight or branched C,-C, alkylene
group when they form a ring. R'® is a straight, branched or
cyclic C,-C,, alkyl group, and a 1s O or an integer of 1 to 4.

[0032] Examples of the group having formula (2) include
methoxyethoxy, ethoxyethoxy, n-propoxyethoxy, isopro-
poxyethoxy, n-butoxyethoxy, isobutoxyethoxy, tert-butoxy-
cthoxy, cyclohexyloxyethoxy, methoxypropoxy, ethoxypro-
poxy, l-methoxy-1-methylethoxy, and 1-ethoxy-1-
methylethoxy. Examples of the group having formula (3)
include tert-butoxycarbonyloxy, tert-butoxycarbonylmethy-
loxy, ethylcyclopentylcarbonyloxy, ethylcyclohexylcarbony-
loxy, and methylcyclopentylcarbonyloxy. Suitable trialkylsi-
loxy groups are those having C,-C. alkyl such as
trimethylsiloxy.

[0033] In formula (1), each of p, g and r 1s O or a positive
number. When properties of the resist composition are taken
into account, p, q and r are preferably numbers falling 1n the
range: 0=p/(p+q+r)=0.8, more preferably 0.2=p/(p+q+r)
=0.8; 0=q/(p+q+r)=0.5, more preferably 0=q/(p+q+r)=0.

3; and O=r/(p+q+r)=0.5, more preferably 0=r/(p+q+r)=0.

35. Outside the range, a too large value of p may lead to a
higher alkaline dissolution rate 1n the unexposed region. The
s1ze and profile of a pattern can be controlled as appropnate
by selecting the values of p, g and r 1n the above ranges. It 1s
noted that the sum of p, g and r 1s 1n the range: O<p+g+r=1,
most preferably p+gq+r=1. That 1s, the polymer comprises
units of at least one type selected from p units, q units, and r
units, and preferably consists of p units and q units and/or r
units.

[0034] The polymer should preferably have a weight aver-
age molecular weight (Mw) 1n the range of 1,000 to 500,000,
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and more preferably 2,000 to 30,000, as measured by GPC
versus polystyrene standards. With too low a Mw, the resist
composition may become less heat resistant. A polymer with
too high a Mw may lose alkaline solubility and give rise to a
footing phenomenon after pattern formation.

[0035] The polymer used herein may be synthesized by any
desired methods, for example, by dissolving acetoxystyrene
and amyloxystyrene monomers in an organic solvent, adding
a radical imitiator thereto, effecting heat polymerization, and
subjecting the resulting polymer to alkaline hydrolysis in the
organic solvent to deprotect the acetoxy group, thereby
obtaining a hydroxystyrene-amyloxystyrene copolymer.
Examples of the organic solvent which can be used for poly-
merization include toluene, benzene, tetrahydrofuran, diethyl
cther and dioxane. Examples of the polymerization initiator
used herein include 2,2'-azobisisobutyronitrile (AIBN), 2,2'-
azobis(2.,4-dimethylvaleronitrile), dimethyl 2,2-azobis(2-
methylpropionate), benzoyl peroxide, and lauroyl peroxide.
Preferably the system 1s heated at 50 to 80° C. for polymer-
ization to take place. The reaction time 1s 2 to 100 hours,
preferably 5 to 20 hours. For the alkaline hydrolysis, aqueous
ammomnia, tricthylamine or the like may be used as the base.
The reaction temperature 1s —20° C. to 100° C., preferably 0°
C. to 60° C., and the reaction time 1s 0.2 to 100 hours, pret-
erably 0.5 to 20 hours.

[0036] It1s further possible that once the resulting polymer
1s 1solated, an acid labile group having formula (2) or (3) be
introduced 1nto the phenolic hydroxyl group portion thereof.
For example, a haloalkyl ether compound 1s used and reacted
with a phenolic hydroxyl group on the polymer 1n the pres-
ence of a base, thereby obtaining a polymer in which phenolic
hydroxyl groups are, in part, protected with alkoxylalkyl
groups.

[0037] The solvent used in this reaction i1s preferably
selected from aprotic polar solvents such as acetonitrile,
acetone, dimethylformamide, dimethylacetamide, tetrahy-
drofuran and dimethyl sulfoxide, which may be used alone or
in admixture. Preferred examples of the base include triethy-
lamine, pyridine, diisopropylamine, and potassium carbon-
ate. The amount of the haloalkyl ether compound used 1is
preferably at least 10 mol % based on the moles of phenolic
hydroxyl groups on the polymer. The reaction temperature 1s
-50° C. 10 100° C., preferably 0° C. to 60° C., and the reaction

time 1s 0.5 to 100 hours, preferably 1 to 20 hours.

[0038] Also, an acid labile group having formula (3) may
be introduced by reacting a dialkyl dicarbonate compound or
alkoxycarbonylalkyl halide with the polymer 1n a solvent 1n
the presence of a base. The solvent used 1n this reaction 1s
preferably selected from aprotic polar solvents such as aceto-
nitrile, acetone, dimethylformamide, dimethylacetamide, tet-
rahydrofuran and dimethyl sulfoxide, which may be used
alone or 1n admixture. Preferred examples of the base include
triethylamine, pyridine, imidazole, diisopropylamine, and
potassium carbonate. The amount of the reactant used 1s
preferably at least 10 mol % based on the moles of phenolic
hydroxyl groups on the polymer. The reaction temperature 1s
0° C. to 100° C., preferably 0° C. to 60° C., and the reaction

time 1s 0.2 to 100 hours, preferably 1 to 10 hours.

[0039] Exemplary of the dialkyl dicarbonate compound are
di-tert-butyl dicarbonate and di-tert-amyl dicarbonate.
Examples of the alkoxycarbonylalkyl halide include tert-bu-
toxycarbonylmethyl chloride, tert-amyloxycarbonylmethyl
chloride, tert-butoxycarbonylmethyl bromide and tert-bu-
toxycarbonylethyl chloride.
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[0040] It 1s noted that the synthesis 1s not limited to the
alorementioned processes.

[0041] The PAG (B) 1s a compound capable of generating
an acid upon exposure to high-energy radiation. Preferred
PAGs are sulfonium salts, iodonium salts, sulfonyldiaz-
omethane and N-sulfonyloxyimide acid generators. These
PAGs are illustrated below while they may be used alone or 1n
admixture of two or more.

[0042] Sulfonium salts are salts of sulfonium cations with
sulfonates. Exemplary sulfonium cations include triphenyl-
sulfonium, (4-tert-butoxyphenyl)diphenylsulfonium, bis(4-
tert-butoxyphenyl)phenylsulfonium, tris(4-tert-butoxyphe-
nyl)sulfonium, (3-tert-butoxyphenyl)diphenylsulfonium, bis
(3-tert-butoxyphenyl)phenylsulfonium, tris(3-tert-
butoxyphenyl)sulfonium, (3,4-di-tert-butoxyphenyl)
diphenylsulfonium, b1s(3,4-di-tert-butoxyphenyl)
phenylsulfonium, tris(3,4-di-tert-butoxyphenyl)sulfonium,
diphenyl(4-thiophenoxyphenyl)sulfonium, (4-tert-butoxy-
carbonylmethyloxyphenyl)diphenylsulfontum,  tris(4-tert-
butoxycarbonylmethyloxyphenyl)sulfonium, (4-tert-butox-
yphenyl)bis(4-dimethylaminophenyl)sulfonium, tris(4-
dimethylaminophenyl)sulfonium,
2-naphthyldiphenylsulifonium, dimethyl-2-naphthylsulio-
nium, 4-hydroxyphenyldimethylsulionium, 4-methoxyphe-
nyldimethylsulfontum, trimethylsulfonium, 2-oxocyclo-
hexylcyclohexylmethylsulfonium,  trinaphthylsulfonium,
and tribenzylsulfonium. Exemplary sulfonates include trif-
luoromethanesulionate, nonafluorobutanesulfonate, hepta-
decafluorooctanesulfonate, 2,2,2-trifluoroethanesulfonate,
pentatluorobenzenesulionate, 4-trifluoromethylbenzene-
sulfonate, 4-fluorobenzenesulfonate, toluenesulfonate, ben-
zenesulfonate, 4-(4-toluenesulfonyl)oxybenzenesulionate,
naphthalenesulionate, camphorsulionate, octanesulfonate,
dodecylbenzenesulifonate, butanesulifonate, and methane-
sulfonate. Sulfonium salts based on combination of the fore-
going examples are included.

[0043] Iodinium salts are salts of 1odonium cations with
sulfonates. Exemplary 1odinium cations are aryliodonium
cations including diphenyliodinium, bis(4-tart-butylphenyl)
10donium, 4-tert-butoxyphenylphenyliodonium, and 4-meth-
oxyphenylphenyliodonium. Exemplary sulfonates include
tritfluoromethanesulionate, nonatluorobutanesulfonate, hep-
tadecatluorooctanesulfonate, 2,2,2-trifluoroethanesulionate,
pentatluorobenzenesulionate, 4-trifluoromethylbenzene-
sulfonate, 4-fluorobenzenesulfonate, toluenesulfonate, ben-
zenesulfonate, 4-(4-toluenesulfonyloxy)benzenesulionate,
naphthalenesulionate, camphorsulionate, octanesulfonate,
dodecylbenzenesulifonate, butanesulifonate, and methane-
sulfonate. Iodonitum salts based on combination of the fore-
going examples are included.

[0044] Exemplary sulfonyldiazomethane compounds
include bissulfonyldiazomethane compounds and sulfonyl-
carbonyldiazomethane compounds such as bis(ethylsulio-
nyl)diazomethane, bis(1-methylpropylsulionyl)diaz-
omethane, bis(2-methylpropylsulfonyl)diazomethane, bis(1,
1 -dimethylethylsulfonyl)diazomethane, bis
(cyclohexylsulfonyl)diazomethane, bis
(perfluoroisopropylsulionyl )diazomethane, bis
(phenylsulionyl))diazomethane, bis(4-methylphenylsulionyl)
diazomethane, bi1s(2,4-dimethylphenylsulfonyl)
diazomethane, bis(2-naphthylsulfonyl)diazomethane,
4-methylphenylsulfonylbenzoyldiazomethane, tert-butylcar-
bonyl-4-methylphenylsulfonyldiazomethane, 2-naphthylsul-
tonylbenzoyldiazomethane, 4-methylphenylsulfonyl-2-
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naphthoyldiazomethane,
methylsulfonylbenzoyldiazomethane, and tert-butoxycarbo-
nyl-4-methylphenylsulionyldiazomethane.

[0045] N-sulifonyloxyimide photoacid generators include
combinations of 1mide skeletons with sulfonates. Exemplary
imide skeletons are succinimide, naphthalene dicarboxylic
acid imide, phthalimide, cyclohexyldicarboxylic acid imide,
S-norbornene-2,3-dicarboxylic acid imide, and 7-oxabicyclo
[2.2.1]-5-heptene-2,3-dicarboxylic acid imide. Exemplary
sulfonates include trifluoromethanesulfonate, nonafluorobu-
tanesulfonate, heptadecatluorooctanesulionate, 2,2,2-trifluo-
roethanesulionate, pentatluorobenzenesulfonate, 4-trifluo-
romethylbenzenesulionate, 4-fluorobenzenesulfonate,
toluenesulfonate, benzenesulionate, naphthalenesulfonate,
camphorsulfonate,  octanesulfonate,  dodecylbenzene-
sulfonate, butanesulfonate, and methanesulfonate.

[0046] Benzoinsulfonate photoacid generators include
benzoin tosylate, benzoin mesylate, and benzoin butane-
sulfonate.

[0047] Pyrogallol trisulionate photoacid generators
include pyrogallol, phloroglycinol, catechol, resorcinol, and
hydroguinone, 1n which all hydroxyl groups are replaced by
tritfluoromethanesulionate, nonatluorobutanesulfonate, hep-
tadecafluorooctanesulfonate, 2,2,2-trifluoroethanesulionate,
pentafluorobenzenesulionate, 4-trifluoromethylbenzene-
sulfonate, 4-fluorobenzenesulfonate, toluenesulfonate, ben-
zenesulfonate, naphthalenesulifonate, camphorsulifonate,
octanesulifonate, dodecylbenzenesulionate, butanesulionate,
and methanesulfonate.

[0048] Nitrobenzyl sulfonate photoacid generators include
2.,4-dmitrobenzyl sulfonate, 2-nitrobenzyl sulfonate, and 2,6-
dinitrobenzyl sulfonate, with exemplary sulfonates including
tritluoromethanesulifonate, nonatluorobutanesulionate, hep-
tadecafluorooctanesulfonate, 2,2,2-trifluoroethanesulionate,
pentafluorobenzenesulionate, 4-trifluoromethylbenzene-
sulfonate, 4-fluorobenzenesulfonate, toluenesulfonate, ben-
zenesulfonate, naphthalenesulifonate, camphorsulifonate,
octanesulionate, dodecylbenzenesulionate, butanesulionate,
and methanesulionate. Also useful are analogous nitrobenzyl
sulfonate compounds in which the nitro group on the benzyl
side 1s replaced by a trifluoromethyl group.

[0049] Sulione photoacid generators include bis(phenyl-
sulfonyl)methane, bis(4-methylphenylsulfonyl)methane, bis
(2-naphthylsulfonyl)methane, 2.,2-bis(phenylsulfonyl)pro-
pane, 2,2-bis(4-methylphenylsulfonyl)propane, 2,2-bis(2-
naphthylsulfonyl)propane, 2-methyl-2-(p-toluenesulfonyl)
propiophenone, 2-cyclohexylcarbonyl-2-(p-toluenesulionyl)
propane, and 2,4-dimethyl-2-(p-toluenesulifonyl)pentan-3-
one.

[0050] Glyoxime derivative photoacid generators include
b1s-O-(p-toluenesulionyl)-a-dimethylglyoxime, bis-O-(p-
toluenesulionyl)-a-diphenylglyoxime,  bis-O-(p-toluene-
sulfonyl)-a.-dicyclohexylglyoxime, bis-O-(p-toluenesulio-
nyl)-2,3-pentanedioneglyoxime, bis-O-(p-toluenesulionyl)-

2-methyl-3,4-pentanedioneglyoxime, n15-O-(n-
butanesulionyl)-a-dimethylglyoxime, b1s-O-(n-
butanesulionyl)-a-diphenylglyoxime, b1s-O-(n-
butanesulionyl)-a-dicyclohexylglyoxime, b1s-O-(n-
butanesulionyl)-2,3-pentanedioneglyoxime, b1s-O-(n-

butanesulionyl)-2-methyl-3,4-pentanedioneglyoxime, bis-
O-(methanesulionyl)-a-dimethylglyoxime, b1s-O-
(trifluoromethanesulionyl)-a.-dimethylglyoxime, bis-O-(1,
1,1-trifluoroethanesulfonyl)-a-dimethylglyoxime,  bis-O-
(tert-butanesulionyl)-o-dimethylglyoxime, b1s-O-
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(perfluorooctanesulionyl)-a.-dimethylglyoxime, b1s-O-
(cyclohexylsulfonyl)-a-dimethylglyoxime, b1s-O-
(benzenesulionyl)-o.-dimethylglyoxime, b1s-O-(p-

fluorobenzenesulionyl)-o-dimethylglyoxime, bis-O-(p-tert-
butylbenzenesulionyl ))-a-dimethylglyoxime, b1s-O-
(xylenesulionyl)-o.-dimethylglyoxime, and b1s-O-
(camphorsulionyl)-a-dimethylglyoxime.

[0051] Of these PAGs, the bissulfonyldiazomethane and
N-sulfonyloxyimide compounds are preferred.

[0052] In the chemically amplified positive resist compo-
sition, an appropriate amount of the PAG (B) 1s 0.05 to 20
parts, preferably 1 to 10 parts by weight per 100 parts by
weight of the base resin (A). Less than 0.05 pbw of the PAG
may fail to provide a suificient contrast (difference of disso-
lution rate 1n developer between exposed and unexposed

regions) whereas more than 20 pbw may adversely atiect
resolution due to light absorption of the PAG 1tself.

[0053] Component (C) 1s a thermal crosslinker. The ther-
mal crosslinker causes the resist composition to cure via
crosslinkage by condensation or addition reaction between
the crosslinker and phenolic hydroxyl groups in the resist
composition or between crosslinker molecules. Particularly
when the adhesion, heat resistance, electric insulation and
mechanical properties of the cured film are taken into
account, a resin having at least two epoxy or oxetane groups
per molecule 1s appropriate. Suitable epoxy compounds
include phenol novolak epoxy resins, cresol novolak epoxy
resins, bisphenol A epoxy resins such as diglycidyl bisphenol
A, bisphenol F epoxy resins such as diglycidyl bisphenol F,
triphenylmethane epoxy resins such as triphenylolpropane
triglycidyl ether, alicyclic epoxy resins such as 3,4-epoxycy-
clohexylmethyl-3,4-epoxycyclohexane carboxylate, gly-
cidyl amine resins such as diglycidyl phthalate, diglycidyl
hexahydrophthalate, and dimethylglycidyl phthalate, and
glycidylamine resins such as tetraglycidyldiaminodiphenyl-
methane, triglycidyl-p-aminophenol, diglycidylaniline, dig-
lycidyltoluidine, and tetraglycidyl bisaminomethyl cyclo-
hexane. Suitable oxetane resins include those of phenol
novolak, cresol novolak and diglycidyl bisphenol types like
the foregoing epoxy resins.

[0054] The thermal crosslinker may be used alone or 1n
admixture. An appropriate amount of the thermal crosslinker
used 1s 0.1 to 50 parts, preferably 2 to 30 parts by weight per
100 parts by weight of the base resin (A). Less than 0.1 pbw
of the thermal crosslinker may fail to achieve a suificient
crosslink density whereas more than 50 pbw may adversely
alfect transparency due to light absorption of the crosslinker
itself, or shelf stability.

[0055] Prior to use of the resist composition, the foregoing
components are dissolved i (D) an organic solvent. The
organic solvent used herein 1s not particularly limited as long
as the components are soluble therein and the resulting solu-
tion 1s ellectively applicable. Suitable organic solvents
include cellosolve solvents such as methyl cellosolve, ethyl
cellosolve, methyl cellosolve acetate, and ethyl cellosolve
acetate; propylene glycol solvents such as propylene glycol
monomethyl ether, propylene glycol monobutyl ether, propy-
lene glycol monomethyl ether acetate (PGMEA), propylene
glycol dimethyl ether, and propylene glycol monoethyl ether
acetate; ester solvents such as butyl acetate, amyl acetate,
methyl lactate, ethyl lactate, 3-methoxypropionic acid, and
cthyl 3-ethoxypropionate; alcohol solvents such as hexanol
and diacetone alcohol; ketone solvents such as cyclohex-
anone and methyl amyl ketone; ether solvents such as methyl
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phenyl ether and diethylene glycol dimethyl ether; and highly
polar solvents such as N,N-dimethylformamide and N-meth-
ylpyrrolidone, and mixtures of any two or more of the fore-
going.

[0056] The solvent 1s used 1n an amount of 50 to 5,000
parts, preferably 100 to 2,000 parts by weight per 100 parts by
weight of the base resin (A). A composition containing less
than 50 pbw of the solvent 1s difficult to coat onto a water
whereas a composition containing more than 5,000 pbw of
the solvent may fail to provide a suificient coating thickness.
[0057] Optionally the resist composition may comprise (E)
a basic compound. The basic compound (E) 1s preferably a
compound capable of suppressing the rate of diffusion when
the acid generated by the PAG diffuses within the resist film.
The inclusion of the basic compound holds down the rate of
acid diffusion within the resist film, resulting in better reso-
lution. In addition, 1t suppresses changes 1n sensitivity fol-
lowing exposure and reduces substrate and environment
dependence, as well as improving the exposure latitude and
the pattern profile.

[0058] Examples of basic compounds include primary, sec-
ondary, and tertiary aliphatic amines, mixed amines, aromatic
amines, heterocyclic amines, nitrogen-containing com-
pounds having carboxyl group, nitrogen-containing com-
pounds having sulfonyl group, nitrogen-containing com-
pounds having hydroxyl group, nitrogen-containing
compounds having hydroxyphenyl group, alcoholic nitro-
gen-containing compounds, amide derivatives, and imide
derivatives.

[0059] Examples of suitable primary aliphatic amines
include ammonia, methylamine, ethylamine, n-propylamine,
isopropylamine, n-butylamine, 1sobutylamine, sec-buty-
lamine, tert-butylamine, pentylamine, tert-amylamine, cyclo-
pentylamine, hexylamine, cyclohexylamine, heptylamine,
octylamine, nonylamine, decylamine, dodecylamine, cety-
lamine, methylenediamine, ethylenediamine, and tetraethyl-
enepentamine. Examples of suitable secondary aliphatic
amines include dimethylamine, diethylamine, di-n-propy-
lamine, dusopropylamine, di-n-butylamine, diisobuty-
lamine, di-sec-butylamine, dipentylamine, dicyclopenty-
lamine, dihexylamine, dicyclohexylamine, diheptylamine,
dioctylamine, dinonylamine, didecylamine, didodecylamine,
dicetylamine, N,N-dimethylmethylenediamine, N,N-dim-
cthylethylenediamine, and N,N-dimethyltetracthylenepen-
tamine. Examples of suitable tertiary aliphatic amines
include trimethylamine, triethylamine, tri-n-propylamine,
trilsoptopylamine, tri-n-butylamine, triisobutylamine, {tri-
sec-butylamine, tripentylamine, tricyclopentylamine, tri-
hexylamine, tricyclohexylamine, triheptylamine, triocty-
lamine, trinonylamine, tridecylamine, tridodecylamine,
tricetylamine, N,N,N'.N'-tetramethylmethylenediamine,
N,IN,N'",N'-tetramethylethylenediamine, and N,N,N'N'-tet-
ramethyltetracthylenepentamine.

[0060] Examples of suitable mixed amines include dimeth-
ylethylamine, methylethylpropylamine, benzylamine, phen-
cthylamine, and benzyldimethylamine. Examples of suitable
aromatic and heterocyclic amines include aniline derivatives
(e.g., aniline, N-methylaniline, N-ethylaniline, N-propyla-
niline, N,N-dimethylaniline, 2-methylaniline, 3-methyla-
niline, 4-methylaniline, ethylaniline, propylaniline, trimethy-
laniline, 2-nitroaniline, 3-nitroaniline, 4-nitroaniline, 2.4-
dinitroaniline, 2,6-dinitroaniline, 3,5-dinitroaniline, and
N,N-dimethyltoluidine), diphenyl(p-tolyl)amine, methyl-
diphenylamine, triphenylamine, phenylenediamine, naph-
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thylamine, diaminonaphthalene, pyrrole derivatives (e.g.,
pyrrole, 2H-pyrrole, 1-methylpyrrole, 2,4-dimethylpyrrole,
2,5-dimethylpyrrole, and N-methylpyrrole), oxazole deriva-
tives (e.g., oxazole and 1sooxazole), thiazole dervatives (e.g.,
thiazole and 1sothiazole), imidazole dervatives (e.g., 1imida-
zole, 4-methylimidazole, and 4-methyl-2-phenylimidazole),
pyrazole derivatives, furazan derivatives, pyrroline deriva-
tives (e.g., pyrroline and 2-methyl-1-pyrroline), pyrrolidine
derivatives (e.g., pyrrolidine, N-methylpyrrolidine, pyrrolidi-
none, and N-methylpyrrolidone), imidazoline derivatives,
imidazolidine deritvatives, pyridine derivatives (e.g., pyri-
dine, methylpyridine, ethylpyridine, propylpyridine,
butylpyridine, 4-(1-butylpentyl)pyridine, dimethylpyridine,
trimethylpynidine, triethylpyridine, phenylpyridine, 3-me-
thyl-2-phenylpyridine, 4-tert-butylpyridine, diphenylpyri-
dine, benzylpyridine, methoxypyridine, butoxypyridine,
dimethoxypyridine, 1-methyl-2-pyridine, 4-pyrrolidinopyri-
dine, 1-methyl-4-phenylpyridine, 2-(1-ethylpropyl)pynidine,
aminopyridine, and dimethylaminopyridine), pyridazine
derivatives, pyrimidine derivatives, pyrazine derivatives,
pyrazoline derivatives, pyrazolidine derivatives, piperidine
derivatives, piperazine derivatives, morpholine derivatives,
indole derivatives, 1soindole derivatives, 1H-indazole deriva-
tives, indoline derivatives, quinoline dermvatives (e.g., quino-
line and 3-quinolinecarbonitrile), 1soquinoline derivatives,
cinnoline derivatives, quinazoline derivatives, quinoxaline
derivatives phthalazme derivatives, purine derivatives, pteri-
dine derivatives, carbazole derivatives, phenanthridine
derivatives, acridine derivatives, phenazine denivatives, 1,10-
phenanthroline deritvatives, adenine derivatives, adenosine

derivatives, guanine derivatives, guanosine derivatives, uracil
derivatives, and uridine derivatives.

[0061] Examples of suitable mitrogen-containing com-
pounds having carboxyl group include aminobenzoic acid,
indolecarboxylic acid, and amino acid derivatives (e.g. nico-
tinic acid, alanine, alginine, aspartic acid, glutamic acid, gly-
cine, histidine, 1soleucine, glycylleucine, leucine, methion-
ine, phenylalanine, threonine, lysine, 3-aminopyrazine-2-
carboxylic acid, and methoxyalanine). Examples of suitable
nitrogen-containing compounds having sulfonyl group
include 3-pyridinesulfonic acid and pyridinium p-toluene-
sulfonate. Examples of suitable nitrogen-containing com-
pounds with hydroxyl group, nitrogen-containing com-
pounds with hydroxyphenyl group, and alcoholic nitrogen-
containing compounds 1include  2-hydroxypyridine,
aminocresol, 2,4-quinolinediol, 3-indolemethanol hydrate,
monoethanolamine, diethanolamine, triethanolamine, N-eth-
yldiethanolamine, N,N-diethylethanolamine, triisopropano-

lamine, 2,2'-iminodiethanol, 2-aminoethanol, 3-amino-1-
propanol, 4-amino-1-butanol, 4-(2-hydroxyethyl)
morpholine, 2-(2-hydroxyethyl)pyridine, 1-(2-
hydroxyethyl)piperazine, 1-[2-(2-hydroxyethoxy)ethyl]
piperazine,  piperidine  ethanol,  1-(2-hydroxyethyl)
pyrrolidine, 1-(2-hydroxyethyl)-2-pyrrolidinone,

3-piperidino-1,2-propanediol, 3-pyrrolidino-1,2-pro-
panediol, 8-hydroxyjulolidine, 3-quinuclidinol, 3-tropanol,
1-methyl-2-pyrrolidine ethanol, 1-azirnidine ethanol, N-(2-
hydroxyethyl)phthalimide, and N-(2-hydroxyethyl)isonico-
tinamide. Examples of suitable amide dernivatives include
formamide, N-methylformamide, N,N-dimethylformamaide,
acetamide, N-methylacetamide, N,N-dimethylacetamide,
propionamide, and benzamide. Suitable imide derivatives
include phthalimide, succinimide, and maleimide.
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[0062] The basic compounds may be used alone or in
admixture of two or more. The basic compound 1s typically
formulated 1n an amount of 0 to 2 parts, and when used, 1n an
amount of 0.01 to 20 parts, more preferably 0.01 to 1 part by
weight, per 100 parts by weight of the base resin (A). More
than 2 pbw of the basic compound may result in too low a
sensitivity.

[0063] If desired, any additives such as leveling agents,
dyes, pigments and surfactants may be added to the resist
composition. Illustrative, non-limiting, examples of the sur-
factant include nonionic surfactants, for example, polyoxy-
cthylene alkyl ethers such as polyoxyethylene lauryl ether,
polyoxyethylene stearyl ether, polyoxyethylene cetyl ether,
and polyoxyethylene oleyl ether, polyoxyethylene alkylaryl
cthers such as polyoxyethylene octylphenol ether and poly-
oxyethylene nonylphenol ether, polyoxyethylene polyox-
ypropylene block copolymers, sorbitan fatty acid esters such
as sorbitan monolaurate, sorbitan monopalmitate, and sorbi-
tan monostearate, and polyoxyethylene sorbitan fatty acid
esters such as polyoxyethylene sorbitan monolaurate, poly-
oxyethylene sorbitan monopalmitate, polyoxyethylene sorbi-
tan monostearate, polyoxyethylene sorbitan trioleate, and
polyoxyethylene sorbitan tristearate; fluorochemical surfac-
tants such as EFTOP EF301, EF303 and EF352 (Tohkem
Products Co., Ltd.), Megatace F171, F172 and F173 (DIC
Corp.), Fluorad FC430 and FC431 (Sumitomo 3M Co., Ltd.),
Asahiguard AG710, Surfion S-381, S-382, SC101, SC102,
SC103, SC104, SC105, SC106, Surtynol E1004, KH-10,
KH-20, KH-30 and KH-40 (Asahi Glass Co., Ltd.); organosi-
loxane polymers KP341, X-70-092 and X-70-093 (Shin-Etsu
Chemical Co., Ltd.), acrylic acid or methacrylic acid Poly-

flow No. 75 and No. 95 (Kyoeisha Ushi Kagaku Kogyo Co.,
Ltd.). These surfactants may be used alone or in admixture.

[0064] Intheresistcomposition, the surfactantis preferably
formulated 1n an amount of up to 2 parts, and especially up to
1 partby weight, per 100 parts by weight of the base resin (A).

[0065] Below described 1s the pattern forming process
using the chemically amplified positive resist composition
defined herein. The resist composition 1s applied onto a sub-
strate by any of conventional techniques such as dipping, spin
coating and roll coating, and optionally prebaked on a heater
means such as hot plate or oven to form a resist layer. The
substrate used herein may be typically a silicon water or a
plastic or ceramic circuit substrate. The resist layer preferably
has a thickness of 0.1 to 50 um, more preferably 1 to 30 um.
Typically the resist layer 1s formed as a thick film in the range
of 1to 10 um.

[0066] Next, using an exposure tool such as a stepper or
mask aligner, a selected region of the resist layer 1s exposed to
radiation having a wide range of wavelength, for example,
UV radiation such as g or 1-line, through a photomask. In the
practice of the invention, the PEB step 1s preferably omitted
because the desired pattern 1s not eventually obtainable from
the resist composition if the resist film 1s baked (PEB).

[0067] After exposure, the resist film 1s developed 1n a
developer. The developer used herein may be any of well-
known alkaline developer solutions, typically an aqueous
solution of tetramethylammomum hydroxide (TMAH).
Development may be performed by standard techniques, for
example, by immersing the film i the developer. This 1s
optionally followed by cleaning, rinsing and drying, obtain-
ing the desired pattern.

[0068] The chemically amplified positive resist composi-
tion 1s insoluble or substantially insoluble 1n an alkaline
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developer because some phenolic hydroxyl groups are pro-
tected with acid labile groups. Once the resist film 1s exposed,
acid labile groups 1n the exposed region are deprotected from
the phenolic hydroxyl groups under the action of an acid
generated by the PAG upon exposure, whereby the exposed
region 1s dissolved in the alkaline developer, leaving the
desired positive pattern.

[0069] Theresulting pattern is then heated 1n an oven or hot
plate at 100 to 250° C. for about 10 minutes to 10 hours. This
heat treatment of the film serves to increase the crosslink
density and remove any residual volatile components, result-
ing in a cured film having heat resistance, transparency, low
dielectric characteristics, and solvent resistance.

[0070] The cured film resulting from the chemically ampli-
fied positive resist composition has advantages including
good adhesion to the substrate, heat resistance, electrical
insulating properties, and mechanical properties, and thus
finds application as protective film on electric and electronic
components and semiconductor devices.

EXAMPL

(Ll

[0071] Examples of the invention are given below by way
of 1llustration and not by way of limitation.

Examples 1 to 8

[0072] A resist solution was prepared by dissolving
amounts (shown 1n Table 1) of a base resin comprising recur-
ring umts shown below (Polymer-1 or 2), a photoacid gen-
erator (PAG-1 or 2), a thermal crosslinker (Linker-1 or 2), a
basic compound (Amine-1), shown below, and a surfactant
X-70-093 (Shin-Etsu Chemical Co., Ltd.) in propylene glycol
monomethyl ether acetate (PGMEA), and filtering through a
membrane filter with a pore size of 1.0 um. The resist solution
was spin coated onto a 6-inch silicon water (having copper
deposited thereon by sputtering) and soft baked on a hot plate

under the conditions shown 1n Table 2, forming a resist film of
5.0 um thick.

Comparative Examples 1 and 2

[0073] A comparative resist solution was prepared as 1n
Example 1 except that a base resin comprising recurring units
shown below (Polymer-3) was used. The resist solution was
similarly spin coated onto a 6-inch silicon water (having
copper deposited thereon by sputtering) and soft baked on a
hot plate under the conditions shown 1n Table 2, forming a
resist film of 5.0 um thick.

Patterning and Evaluation of Resist Composition

[0074] Using an 1-line stepper (Nikon Corp., NSR-
1'75517A, NA=0.50), the resist film was exposed to 1-line
through a reticle and developed 1n a 2.38 wt % TMAH aque-
ous solution. Specifically, development was carried out by
dispensing the developer for 10 seconds while rotating the
substrate, and holding stationary the substrate covered with
the developer for 40 seconds. Provided that one cycle consists
of developer dispensing and stationary holding, the cycle was
repeated until none of scum, foreign matter and residue were
observed 1n the space of a 1:1 5-um line-and-space pattern.
Table 2 reports an optimum number of development cycles
repeated. This was followed by deionized water rinsing and
drying. The resulting pattern was further heated 1n an oven at
200° C. for 1 hour, obtaining the desired pattern.
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[0075] The pattern resulting from hard

bake was observed

under a scanning electron microscope (S.

HM). The exposure

dose at which the space of a 1:1 5-um line-and-space pattern
was resolved to 5 um was reported as sensitivity. The results

are shown in'Table 2. Theprofileofal:1 5

-um line-and-space

pattern at that dose 1s also reported 1n Table 2.
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TABLE 1-continued
Thermal  Basic
PAG crosslinker compound Surfactant Solvent
Base resin (pbw) (pbw)  (pbw) (pbw) (pbw) (pbw)
Example 3 Polymer-1 PAG-2 Linker-1  Amine-1 X-70-093 PGMEA
(100) (0.6) (15) (0.1) (0.02) (260)
Example4  Polymer-1 PAG-2 Linker-2 — X-70-093 PGMEA
(100) (0.6) (15) (0.02) (260)
Example 5 Polymer-2 PAG-1 Linker-1  Amine-1 X-70-093 PGMEA
(100) (0.5) (15) (0.1) (0.02) (260)
Example 6  Polymer-2 PAG-1 Linker-2  Amine-1 X-70-093 PGMEA
(100) (0.5) (15) (0.1) (0.02) (260)
Example 7  Polymer-2 PAG-2 Linker-1  Amine-1 X-70-093 PGMEA
(100) (0.6) (15) (0.1) (0.02) (260)
Example 8  Polymer-2 PAG-2 Linker-2 — X-70-093 PGMEA
(100) (0.6) (15) (0.02) (260)
Comparative Polymer-3 PAG-1 Linker-1  Amine-1 X-70-093 PGMEA
Example 1 (100) (0.5) (15) (0.1) (0.02) (530)
Comparative Polymer-3 PAG-2 Linker-1 — X-70-093 PGMEA
Example 2 (100) (0.6) (15) (0.02) (530)
TABLE 2
Develop Pattern
Soft bake cycles Hard bake Sensitivity profile
Example 1 100° C. x 120 s 2 200°C.x 1 hr 220 mJ/cm” rectangular
Example 2 100° C. x 120 s 2 200°C.x 1 hr 280 mlJ/em”® rectangular
Example 3 100° C. x 120 s 2 200°C.x 1 hr 180 mJ/em”® rectangular
Example 4 100° C. x 120 s 2 200°C.x 1 hr 50 mJ/cm® rectangular
Example 5 100° C. x 120 s 2 200°C.x 1 hr 280 mJ/cm” rectangular
Example 6 100° C. x 120 s 2 200°C.x 1 hr 340 mJ/em? rectangular
Example 7 100° C. x 120 s 2 200°C.x 1 hr 240 mJ/em”® rectangular
Example 8 100° C. x 120 s 2 200°C.x 1hr 110 mJ/em? rectangular
Comparative 100° C. x 120 s 10 — — not resolved
Example 1
Comparative 100° C. x 120 s 10 — — not resolved
Example 2
Example 9 [0078] Asseenirom Table 2, the compositions of Examples
1 to 8 showed satisfactory sensitivity, resolution, develop-
[0076] The sample of Example 1 was evaluated for solvent ment behavior, and pattern profile, and were proven to be

resistance. As 1n Example 1, a resist film was formed on a
6-1inch silicon water by means of a spin coater, puddle devel-
opedina2.38 wt % TMAH aqueous solution for 100 seconds,
rinsed with deionized water, and heated 1n an oven at 200° C.
for 1 hour, forming a film of 5 um thick. The water having the
cured film formed therecon was immersed in N-methyl-2-
pyrrolidone (NMP) at room temperature for 30 minutes and
rinsed with deionized water. The thickness of the film after
immersion was measured and compared with the thickness
prior to immersion. A percent film retention was calculated as
an index for solvent resistance. The results are shown 1in Table

3.

Example 10

[0077] As in Example 9, the sample of Example 6 was

evaluated for solvent resistance. The results are also shown 1in
Table 3.

TABLE 3
Film thickness Film thickness
after hard bake after NMP immersion  Film retention
Example 9 5.0 ym 4.9 um 98%0
Example 10 5.0 um 4.9 um 98%

photosensitive materials having satisfactory properties. In
Comparative Examples 1 and 2, the film could not be resolved
even by increasing the number of development cycles,
because the resin had a very high molecular weight. The
results of Examples 9 and 10 1n Table 3 prove that these
compositions have solvent resistance. It has been demon-
strated that the chemically amplified positive resist composi-
tion comprising the requisite components meets the required
properties.

[0079] Japanese Patent Application No. 2011-251496 1s
incorporated herein by reference.

[0080] Although some preferred embodiments have been
described, many modifications and variations may be made
thereto 1n light of the above teachings. It 1s therefore to be
understood that the mvention may be practiced otherwise
than as specifically described without departing from the
scope of the appended claims.

1. A chemically amplified positive resist composition com-
prising

(A) 100 parts by weight of a base resin,

(B) 0.05 to 20 parts by weight of a photoacid generator,

(C) 0.1 to 30 parts by weight of a thermal crosslinker, and

(D) 50 to 5,000 parts by weight of an organic solvent,
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said base resin being a polymer comprising recurring units
having the general formula (1):

(1)

—CH—C 55

R
‘ (RZ)H/ ‘ ‘
X\ \/\’/ \/\'f
(OH),, O <

R4

wherein R' is each independently hydrogen, hydroxyl,
straight or branched alkyl, or trifluoromethyl, R* is hydrogen,
hydroxyl, or trifluoromethyl, R is C,-C,,, tertiary alkyl, R*is
an acid labile group exclusive of tertiary alkyl, n 1s O or an
integer of 1 to 4, m1s O or an integer of 1 to 3, p, g and r each
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are 0 or a positive number, meeting O<p+q+r=1, the polymer
having a weight average molecular weight of 1,000 to 500,
000.

2. The resist composition of claim 1 wherein the thermal
crosslinker (C) 1s an epoxy or oxetane resin of bisphenol A
type, cresol novolak type, or polyfunctional type having a
monovalent hydrocarbon group on phenyl.

3. Theresist composition of claim 1, further comprising (E)
0.01 to 2 parts by weight of a basic compound.

4. A pattern forming process comprising applying the
chemically amplified positive resist composition of claim 1
onto a substrate to form a resist film, exposing a selected
region of the resist film, and developing.

5. The pattern forming process of claim 4, further compris-
ing the step of heating the resist pattern film resulting from the
development step at 100 to 250° C. to form a cured resist
pattern {ilm.

6. A cured resist pattern film obtained by the pattern form-
ing process of claim 5.

G ex x = e
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